Simple analytical method for aflatoxin contamination in dried oil palm frond (OPF) and OPF base feed

Summary
Oil palm is an important plant for edible oil production. Prior to harvesting the palm fruit bunches from which the oil is extracted, the fronds beneath the palm fruit are removed. Research has shown that the waste palm fronds can be used as cattle feed. However, mycotoxin contamination of these fronds, especially aflatoxin contamination, is of concern. Therefore, we developed an analytical method for determining aflatoxins in dried oil palm fronds (OPF) and compound feed containing OPF. Aflatoxins were extracted with 80 % acetonitrile and passed through a multi-functional column (MycoSep #228) as a clean-up step prior to analyses. Aflatoxins were analyzed by both TLC and HPLC. The recovery of aflatoxins from samples spiked at 5 to 20 g/kg (aflatoxin B1, B2, G1 and G2 individually) was about 75 % and RSDs were less than 10 %. The detection limit of aflatoxin B1 in OPF by TLC was 5 g/kg. No aflatoxins were detected among ten of the OPF samples analyzed, however, aflatoxins were produced and detected in samples that were inoculated with potent aflatoxin producing strains. digestible nutrients of this material for cattle was less than 30 % but it still provides a useful form of roughage in mixed feed or as a replacement for grass 3) . However, aflatoxin producing fungi are known to exist in the regions which OPF are produced 4) , it is desirable to ascertain if OPF and OPF based feed were susceptible to aflatoxin contamination. For this purpose we developed a simple method to examine aflatoxin contamination in OPF and analyzed aflatoxins in several OPF products to confirm the presence of the toxin.
Materials and Methods
Materials and chemicals
Oil palm frond was harvested and dried under sun in situ. 
Extraction and clean up
Aflatoxins were extracted from 10 g of ground samples with 150 ml of either methanol-water (4:1, v/v) or acetonitrile-water (4:1, v/v) under constant shaking for 1 hour.
Extracts were passed through either MycoSep #226 or 228 columns, then 1.5 ml from the first ca. 2 ml of cleaned extracts were dried under nitrogen gas stream. Residues were dissolved in 100 l of toluene-acetonitrile (9:1, v/v) for both TLC and HPLC analysis.
Detection of aflatoxins
Aflatoxins were analyzed either by TLC or HPLC. In TLC analysis, a silica gel TLC plate (Merck No 5721, Germany) and two mobile phases were used. One mobile phase was chloroform-acetone (9:1, v/v)(CA) and the other was toluene-ethyl acetate-90 % formic acid (6:3:1, v/v/v)(TEF). For HPLC analysis, a normal phase method and a reversed phase method were used.
For normal phase method, a silica gel column (Develosil 60-5, 4.6 mm 10 cm, Nomura Chem Co, Seto, Japan) was used with toluene-ethyl acetate-98 % formic acid-methanol (178:15:4:4, v/v/v/v) mixture as the mobile phase 5)
. For reversed phase analysis, a C18 column (Develosil HG-5, 4.6 mm 15 cm, Nomura Chem.) with a guard column was used for separation. Water-acetonitrile-methanol . In both cases aflatoxins were detected by fluorescence detector.
Inoculation of fungus on OPF
Four aflatoxigenic fungus including an Aspergillus nomius which had been isolated from an oil palm plantation in MARDI, were inoculated on OPF samples and glucose-yeast extract-metals (GY) liquid medium 7)
. They were cultured for one week at 27 in the dark. After one-week cultivation, samples were autoclaved then analyzed for aflatoxins.
Results and Discussion
Extraction and cleanup
Pellets of 100 % OPF and mixed feed containing 30 % OPF, both spiked with aflatoxins, were extracted either with 80 % methanol or 80 % acetonitrile, and the extract passed through MycoSep #226 or #228 column. The aflatoxins were analyzed by TLC. Results showed that the recovery of aflatoxins in 80 % methanol extracts were very low, less than 30 % at 20 g/kg level, compared to the 80 % acetonitrile extracts. The analytical results of the samples extracted with 80 % acetonitrile and passed through #228 column showed less background interference compared to the results for samples from the #226 clean up extracts. Therefore, 80 % acetonitrile extraction followed by #228 column clean up was chosen as an extraction and clean up method for further studies.
Recovery of aflatoxins
An aflatoxin mixture was spiked on the ground 100 % OPF cube and 100 % OPF pellet samples at concentrations of 5, 10, 20 and 50 g/kg for each of the four aflatoxins (B1, B2, G1 and G2). After 24 hrs, aflatoxins were extracted and analyzed by both normal and reversed phase HPLC. As shown in Table 1 , the recoveries of aflatoxins from OPFs were relatively good and the average recovery of aflatoxins was more than 75 % in these four aflatoxins in the range 5 to 20 g/kg and slightly less at the higher level (50 g/kg).
TLC analysis
Two solvent systems were compared to analyze aflatoxins in OPF products. The chloroform-acetone (CA) mobile phase gave slightly more diffused spots compared to the tolueneethyl acetate-formic acid (TEF) mobile phase, and the Rf values by CA were larger than those of TEF.
There was less background interference around the aflatoxin B1 area by CA except samples which contained a tapioca as a part of components. The tapioca extracted produced blue fluorescent spot resembling the appearance of ochratoxin A near aflatoxin B1 and B2. Except in this instance, both systems have almost equivalent detection limits and the minimum quantitation limit was around 10 g/kg for aflatoxin B1 and slightly better for the other three aflatoxins .
HPLC analysis
The normal phase HPLC system used in this study 5) needed only one pump and all four aflatoxins in OPF products were detected within 20 min without chemical derivatization (Fig.   1 ). This system gave similar results those obtained by TEF-TLC. The minimum quantitation limit of this system was around 5 g/kg for aflatoxin B1 in 100 % cubes or pellets. This system also gave good results for mold cultured extracts (Fig. 1C) .
The reverse phase HPLC method needed two pumps, one for the mobile phase and another for the reagent to enhance the aflatoxin B1 fluorescence. This method is much more sensitive compared to normal phase methods. The minimum quantitation limit of aflatoxin B1 in OPF is less than 0.5 g/kg (Fig. 2) and it also gave a smoother base line on the chromatogram compared to the chromatogram Results from normal phase HPLC analysis at 10 g/kg level spiked samples of normal phase HPLC. However, in some mold cultured OPF and mold liquid media extracts, large unidentifiable peaks appeared at the retention time of 10-15 min. after the aflatoxin B1 peak appeared.
These unidentifiable peaks can interfere with the subsequent analysis and require re-analysis of certain samples.
This study successfully demonstrated that all the detection methods investigated can be used for analysis of aflatoxins in OPF depending on the laboratory facilities, types of samples and the required sensitivity of analysis.
Mycotoxins 126 
Aflatoxin contamination of OPF products
Ten of 100 % OPF and five of the OPF base mixed feed samples were analyzed either using TLC or HPLC. No aflatoxins were detected from 100 % OPF samples but a low levels of aflatoxin B1 was detected in two of the OPF base mixed feed samples. The amounts of aflatoxin B1 in both samples were about 2 g/kg and no other aflatoxins were detected.
They were compound feed with of 30 % and 50 % OPF. These feeds contained maize and some other ingredients in addition to OPF. Therefore it is a possibility that the contamination were derived from these other materials.
Of the four aflatoxigenic fungi studied, one each of Aspergillus nomius and an A. flavus produced detectable amounts of aflatoxins on autoclaved OPF products. Only the A. nomius, which is a very potent and naturally occurring aflatoxin producer, produced detectable amounts of aflatoxins on 100 % OPF, even without adding water prior to inoculation (Table 2) . However, the amounts of aflatoxins detected in OPF samples were much smaller than those amounts produced by this fungus in GY medium 7) . This shows that OPF in its own is not a good medium for aflatoxin production.
These data suggested that OPF may be contaminated with aflatoxins in nature, but this would not appear be a high possibility both in term of the incidence and level of contamination. Also, in the case of mixed feed based on OPF, aflatoxin contamination from other ingredients such as maize 8) and copula meal 9) is of major concern. Therefore, proper harvest, storage, usage and further research are encouraged to minimize aflatoxin contamination on OPF and OPF products. Pellet (autoclaved) 3 1 : 0.5 ml of mold spore suspension were inoculated on grinded OPF cube or pellet samples and cultured at 27 for a week in the dark 2 : 50 %(w/w) of water was added before mold was inoculated and cultured as like 1 . 3 : After 50 % (w/w) of water was added to the sample, sample was autoclaved for 121 for 15 min then inoculate the mold and culture as like 1
